Abstract The aim of the present study was to evaluate the antioxidant activity of flavoured milk enriched with antioxidative whey protein hydrolysates (WPHs) by radical scavenging method. Whey protein concentrate (WPC) was hydrolyzed by using three commercial proteases; flavouzyme, alcalase and corolase PP and these WPHs were analyzed for degree of hydrolysis and antioxidant activity. The antioxidant activities of these WPHs were evaluated using ABTS method. Trolox equivalent antioxidant activity of all the hydrolysates i.e. flavourzyme (0.81±0.04), alcalase (1.16±0.05) and corolase (1.42±0.12) was higher than the WPC (0.19± 0.01). Among these, whey protein hydrolysates prepared using corolase showed maximum antioxidant activity. Total 15 β-lactoglobulin, 1 α-lactoalbumin, and 6 β-casein derived peptide fragments were identified in the WPHs by LC-MS/MS. Due to their size and characteristic amino acid composition, all the identified peptides may contribute for the antioxidant activity. The strawberry and chocolate flavoured milk was supplemented with WPC and WPHs and 2 % addition has shown increase in antioxidant activity upto 42 %. The result suggests that WPH could be used as natural biofunctional ingredients in enhancing antioxidant properties of food products.
Introduction
Oxidation metabolism is essential for the survival of cells but it generates free radicals and other reactive oxygen species (ROS) as a side effect, which can cause oxidative damage. The body has its own defense system against ROS, oxidative stress occurs when ROS overload the body's antioxidant defense mechanism which may be a significant causative factor of several lifestyle mediated diseases (HernandezLedesma et al. 2005a ). Enhancement of the body's antioxidant defense mechanism through dietary supplementation would seem to be a practical approach to reduce the level of oxidative stress. Dairy products and their fractions have been found to be antioxidative, e.g. milk, skim milk, whey, casein and lactoferrin (Steijins and Van 2000; Tong et al. 2000; Cervato et al. 1999; Colbert and Decker 1991; Taylor and Richardson 1980) . Whey protein, a by-product recognized as valuable food ingredient with important nutritional and functional properties is gaining acceptance as functional food ingredient. Hydrolysis of whey protein is known to release bioactive peptides that can exihibit a number of physiological properties and enable them to exhibit antioxidative, antihypertensive, antimicrobial activity, opioid activity and antithrombotic activity (Meisel and Schlimme 1996; Korhonen and Pihlanto-Leppala 1998; Clare and Swaisgood 2000; Pihlanto Leppala 2001) . WPHs had shown a broad range of antioxidant activity in an iron-catalysed liposome oxidation system (Pena-Ramos and Xiong 2001) or a copper-catalysed liposome emulsion (Colbert and Decker 1991) , depending on the proteases used. Adriena et al. (2010) reported that on hydrolysis with microbial proteases (alcalase, flavourzyme, protamex and neutrase) the antioxidant activity of whey protein increased from 7-19.8 to 40-54.2 %. There are concerns about the potential health effects of synthetic antioxidants and therefore, the demand for natural antioxidants has recently increased (Park et al. 2001) . For this reason, there is a growing amount of research focused on the development of natural antioxidants derived from food ingredients that could retard lipid peroxidation. Hernandez-Ledesma et al. (2005b) identified several peptides in the β-lactoglobulin A hydrolysate by corolase PP. One of the peptides, Trp-Tyr-Ser-Leu-Ala-Met-Ala-Ala-Ser-Asp-Ile, possessed higher radical scavenging activity than BHA. Whey protein ingredients have high solubility over a wide pH range. With low level of fat and lactose in these products make them ideal ingredient for formulating sugar free, low fat or no fat dairy products. Whey proteins contribute to a smooth mouth feel and a mild dairy flavour that also blend well with the popular flavours like vanilla, chocolate and strawberry. Milk beverages are considered as convenient, highly nutritional and digestible health foods associated with high protein content as well as a high content of calcium and phosphorus. Health benefits of flavoured milk can be enhanced by addition of WPHs having substantial antioxidant activity, hence the present study was designed to evaluate the effect of enrichment of WPHs on antioxidant activity of flavoured milk.
Materials and methods
Whey Protein Concentrate (WPC-70) was procured from Modern Dairies Pvt. Ltd. (Karnal, India). The commercial enzymes alcalase and flavourzyme were obtained from Novozyme (Bangalore, India) and corolase PP was collected from AB Enzymes (an ABF ingredients company, Germany). Milk was collected from Experimental Dairy, NDRI (Karnal, India). Artificial strawberry flavour and chocolate syrup was from Harshey, USA. 2,2′-Azino-bis(3-ethylbenzo-thiazoline-6-sulfonic acid) diammonium salt (ABTS) and Trolox (6-hydroxy-2,5,7,8-tetramethylchroman-2-carboxylic acid) were purchased from Sigma Chemical Co. (St. Louis, MO, USA).
Preparation of whey protein hydrolysate 5 % WPC solution was preheated to 68ºC for 10 min and then hydrolysed at the optimal conditions ( Table 1 ). The hydrolysis process was terminated by heating to 90ºC for 10 min. The resultant hydrolysate was subjected to centrifugation at 10,000 rpm for 30 min and the supernatant was collected and stored at -20ºC in airtight container. Each hydrolysate was analysed for protein content by Kjeldahl method (AOAC 2005 ) and degree of hydrolysis by the method of Adler-Nissen (1986) .
Antioxidant activity of whey protein hydrolysate Antioxidant activity of samples was measured using 2, 2′-azinobis(3-ethylbenzothiazoline-6-sulphonic acid) (ABTS) spectrophotometric decolourization method described by Re et al. (1999) . A stock solution of ABTS was prepared by dissolving it in deionized water and potassium persulphate added to a concentration of 140 mM. The mixture was stored at ambient temperature for 12-16 h. The solution of ABTS .+ was diluted with phosphate buffer saline, pH 7.4 to the final absorbance of 0.70±0.02 at 734 nm (Specord 200 spectrophotometer, Analytik Jena AG, Germany). 30 μl of sample was added to 3 ml of diluted ABTS .+ solution. This mixture was shaken for 10s at 30°C, and the decrease in the absorbance was recorded at 734 nm for 10 min. Appropriate solvent blanks were run in each case assay. Trolox (6-hydroxy-2, 5, 7, 8-tetramethylchroman-2-carboxylic acid) was used as a reference standard. The percentage inhibition was calculated and plotted as a function of concentration of antioxidants and Trolox for the standard reference data. The antioxidant activity of sample was expressed in terms μM Trolox/mg of protein.
Identification of peptides from whey protein hydrolysates Enrichment of the peptides with low molecular weight were done by ultrafiltrating the WPH using centrifugal ultrafiltration device (PALL Life sciences, USA) in which the hydrolysate was filtered through 3,000 Dalton molecular weight cut-off membranes. Permeate was collected and dried in lyophilizer (Labtech Istruments, Germany). The freeze dried samples were subjected to LC-MS/MS for peptide identification at Proteomics International Pvt. Ltd, Western Australia through Technoconcept Pvt Ltd., New Delhi, India. Sample were analyzed by electronspray ionization mass spectrometry using the Ultimate 3,000 nano HPLC system (Dionex) coupled to a 4,000 Q TRAP mass spectrometer (Applied Biosystems). WPH peptides were loaded onto a C 18 PepMap 100, 3 mm column (LC Packings) and separated with a linear gradient of water/ acetonitrile/0.1 % formic acid (v/v). Spectra were analyzed to Antioxidant activity of flavoured milk Antioxidant activity of samples was measured using ABTS by method of Re et al. (1999) as described for WPH with slight modifications, using acetate buffer, pH 5.5. The antioxidant activity of sample was expressed in terms of mM Trolox/l of sample.
Sensory evaluation
The sensory evaluation of flavoured milk using 9 point hedonic scale was carried out by a panel of trained judges (n=9). The samples were evaluated for colour and appearance, mouth feel, sweetness, flavour and overall acceptability.
Statistical analysis
All the experiments were carried out in triplicates. The results were expressed as mean ± S.E. of mean. Significance was tested by employing analysis of variance and comparison between means made by critical difference (C.D.) value at 5 % level of significance.
Results and discussion
Preparation of whey protein hydrolysate
The protein contents in these hydrolysates are related to the degree of hydrolysis because during preparation of WPHs the unhydrolysed whey proteins were precipitated by heating as shown in Table 2 .
Antioxidant activity of WPHs
The antioxidant activity of WPHs was much higher than the WPC which could be attributed to the exposure of reactive groups on hydrolysis (Table 3) . Amongst all WPH s, WPH C showed the maximum antioxidant activity. This result could be well correlated with result obtained by HernandezLedesma et al. (2005a) who found that antioxidant activity of corolase WPH was highest amongst different commercial enzymes pepsin, trypsin, hymotrypsin, thermolysin and corolase PP to obtain antioxidant hydrolysates from α-la to β-lg. Naik et al. (2013) also found increased antioxidant activity of whey protein after hydrolysis. Yadav et al. (2011) found that WPH prepared using flavourzyme and heat denatured whey proteins possess good antioxidant activity both in vivo and in vitro, the elevation of the antioxidant enzyme activity in mice fed with WPHs was more as compared to the denatured whey protein. The hydrolysis of whey protein isolate by alcalase enhanced the antioxidant activity in liposome model systems (Xinyan et al. 2010) . Athira et al. (2013) reported the effect of WPH against paracetamol induced oxidative stress by reducing the level of oxidative biomarkers and increasing the activity of antioxidative enzymes in mice. Similar results were obtained by Castro and Sato (2014) who found an increase in antioxidant activity up to 205.3 % in bovine whey protein hydrolysates compared to the intact proteins. Identification of peptides from whey protein hydrolysates
With the aim of identifying the peptides which are responsible for the biofunctional properties derived from WPHs, these WPHs were subjected to LC-MS/MS. Different whey protein and casein fractions have been identified from WPHs and presented in Table 4 Table 4 , 5, 6 one or more of these amino acids are contained in all detected peptides. Specifically, Tyr (Y) and Trp (W) have been described by different authors as main responsible of antioxidant activity of peptides in the ORAC-FL model (Elias et al. 2006; Hernandez-Ledesma et al. 2005a) . Tyr, Trp, Met, Lys, Cys and His are the examples of amino acids that contribute antioxidant activity (Wang and De Mejia 2005) . Furthermore, Amino acids with aromatic residues can donate proton to electron deficient radicals. This property improves the radical scavenging property of the amino acid residues (Rajapakse et al. 2005 ). Chen et al. (1995) also reported that His and Pro play an important role in the antioxidant activity of peptides. Gupta et al. (2010) identified two antioxidant peptides fragments of β-casein f (98-105) and α S1 -casein f (80-90) from cheddar cheese made with adjunct culture Lactobacillus casei ssp. casei NCDC 300. The antioxidant activity of these peptides has been related the Histidine and Proline in α S1 -casein derived peptide and Methionine and proline in β-casein derived peptides. Other workers also indicated that antioxidant peptides isolated from κ-caseins (κ-CN f23-28), have four tyrosine and two proline residues (Hernandez-Ledesma et al. 2005a) . Thus due to their size and characteristic amino acid composition, all the identified peptides from WPHs may contribute for the antioxidant activity.
Antioxidant property of flavoured milk
Antioxidant activity of chocolate flavor (CH) was much higher than strawberry (SB) and which could be due to polyphenol content in chocolate flavour. Antioxidant activity of flavoured milk was estimated for all groups. The antioxidant activity increased after addition of 1 % WPC, flavourzyme, alcalase and corolase WPHs upto 4.6, 12.5, 20.3 and 35.53 23.33 and 26.67 % respectively in chocolate flavoured milk as compared to the control (Fig. 1) .
The antioxidant activity of beverages after addition of 2 % WPC, flavourzyme, alcalase and corolase WPHs were increased upto 12.5, 21.7, 37.5, 42.10 % respectively in strawberry flavoured milk and 10.0, 14.4, 43.3 and 42.7 % respectively in chocolate flavoured milk when compared with their respective control (Fig. 2) . Kumari et al. (2013) also found an increase in antioxidant activity after addition of 1 % flavourzyme WPH and alcalase WPH upto 14.73 and 29.6 % in chocolate ice cream.
When antioxidant activity [measured as Trolox equivalent antioxidant capacity (TEAC)] of these beverages were compared with the corresponding data of other beverages (Pellagrani et al. 2003) , the antioxidant activities of the flavoured milk added with alcalase and corolase WPHs are similar to that of apricot juice (2.48 mM of trolox/l) and peach juice (2.51 mM of trolox/l) while the antioxidant activities of the flavoured milk added with flavourzyme WPH are similar to the lemon juice (2.21 mM of trolox/l), apple juice (1.83 mM of trolox/l) and pineapple juice (1.50 mM of trolox/l).
Sensory evaluation
Concentration of WPHs was optimized on the basis of antioxidant activity. As the 2 % addition of WPHs has significantly more antioxidant activity than 1 % addition of WPHs, 2 % addition was selected for final product. The alcalase and corolase WPHs added flavoured milk was slightly bitter than other groups. The bitter taste of these beverages may be due to the presence of bitter peptides which may generate during hydrolysis. The lower bitterness in flavouzyme WPH could be due to the endo-and exopeptidase enzyme mixture which minimizes bitterness in the hydrolyzed products (Liaset et al. 2000) . The optimized concentration of flavour was sufficient to mask the bitterness.
The sensory scores of WPHs added strawberry and chocolate flavoured milk was similar to that of control (Table 7, 8) . Similar results were obtained by Kumari et al. (2013) who found a comparable sensory score after addition of 1 % flavourzyme and alcalase WPHs in ice cream.
Conclusion
The result revealed that WPH show a potent radical scavenging activity, which is attributed by several peptides contained in it. There is increase in antioxidant activity of WPH as compared to WPC which was sustained after incorporation into flavoured milk. Corolase WPH displayed the highest antioxidant activity amongst all and also offered higher degree of hydrolysis. Hence WPHs can be suggested for considering as an effective antioxidant in various food systems. The values expressed as means ± SEM (n=27) and values within columns (a, b, c) with different superscript letters significantly different (P<0.05) 
